Introduction: Rheumatoid arthritis (RA) is a chronic inflammatory joint disease causing articular cartilage and bone destruction. Since irreversible joint destruction can be prevented by intervention at the early stages of disease, early diagnosis of RA is important. In this study, we identified new autoantibodies in the sera of patients with early (less than one year) RA.
Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease affecting 0.5% of the world population. It is characterized by inflammation of joints that results in cartilage and bone destruction, joint deformity and loss of mobility. Although RA has been extensively studied, its cause is unknown. Treatment is directed towards reducing inflammation and stopping joint destruction. Since joint destruction can be stopped by intervention at the early stages of the disease, early diagnosis of RA is important. However, diagnosis of RA can be difficult. Immunologic tests that can be performed for the diagnosis of RA include detection of anti-citrullinated protein antibodies (ACPA) [1] . ACPA identify 65% of RA patients. Negative ACPA testing does not exclude RA.
To identify new autoantibodies in RA, we selected sera from 20 RA patients with disease duration less than one year, 19 RA patients with disease duration more than five years and 23 controls, to screen 8,268 human protein arrays. We identified 25 autoantigens recognized by the sera of early RA patients.
To confirm the validity of protein array detection, we used the 25 purified proteins in ELISAs. We tested the sera of 124 RA patients with disease duration less than 1 year and 40 RA patients with disease duration more than 5 years. We also tested 186 controls (81 patients with ankylosing spondylitis (AS), 30 patients with psoriatic arthritis (PsA), 19 patients with systemic lupus erythematosus (SLE), 16 patients with systemic sclerosis (SSc) and 40 healthy subjects). We validated three proteins that are significantly recognized by autoantibodies from patients with early RA. These proteins are: within BGCN homolog (Drosophila) (WIBG), GABA(A) receptor-associated protein-like 2 (GABARAPL2) and zinc finger protein (ZNF706). Of interest, autoantibodies to WIBG are very specific for early RA.
Epitope mapping on WIBG, GABARAPL2 and ZNF706 allowed us to identify peptide targets of autoantibodies, which may prove interesting in the diagnosis of early RA.
Materials and methods

Patients and controls
Informed consent was obtained from all patients and controls. The study protocol was approved by the Ethics Committee of Marseille, France (DC2008-327). The characteristics of patients and controls are shown in Table 1 . ACPA were detected using the anti-CCP2 kit from Eurodiagnostica (Malmö, Sweden) for all RA patients and controls. Rheumatoid factor (RF) was detected by ELISA for all RA patients using the Orgentec Kit (Mainz, Germany).
Serum samples for protein arrays
We analyzed the sera of 39 RA patients from the rheumatology unit at Sainte Marguerite Hospital in Marseille. Twenty RA patients had disease duration less than one year and 19 more than five years (time elapsed since first diagnosis by a physician). All RA patients fulfilled the 2010 American College of Rheumatology (ACR)/ European League Against Rheumatism (EULAR) revised criteria [2] . Controls were seven patients with AS, two with SLE and four with SSc, from the rheumatology unit at Sainte Marguerite Hospital in Marseille. Ten healthy controls were recruited among laboratory staff volunteers.
Protein arrays
We used Invitrogen (Carlsbad, California, USA) ProtoArrays that contain 8,268 human proteins. All proteins have been expressed as glutathione-S-transferase (GST) fusion proteins, purified under native conditions and spotted on nitrocellulose-coated glass slides [3] . Slides were blocked with 1% BSA/phosphate-buffered saline/Tween (PBST). Sera were added to the arrays. After washing, anti-human immunoglobulin G (IgG) conjugated to Alexa Fluor 647 dye was added. Arrays were washed and dried (Partnership, Evry, France). Arrays were scanned with a GenePix 4000B Fluorescent Scanner, GenePix.Molecular Devices, Sunnyvale, California, USA. Data were acquired with GenePix Pro software and processed using ProtoArray Prospector 2.0 (Invitrogen). A panel of values was calculated for each protein array, including the Z-score, the Chebyshev inequality precision (CIP) value and the coefficient of variation (CV) value as previously described [3] . A Z-score >3.0, a CIP value <0.05 and a CV <0.5 define a positive spot. 
Detection of autoantibodies by ELISA
Plates were coated with purified proteins and blocked with PBS containing 5% milk. Sera diluted to 1:100 in PBS were incubated for 3 h. After washing with 0.1% Tween 20, peroxydase-conjugated anti-human IgG (Sigma, Saint-Quentin Fallavier, France) was added. Optical density (OD) was read at 405 nm. Background OD was obtained by adding each serum to a well without protein. Positive sera were defined by an OD value more than twice the background OD [3] . Moreover, positive sera were defined by an OD value more than twice the mean OD of the control groups (AS, PsA, SLE, SSC and healthy subjects). Data were similar using both methods. P-values were calculated using the chi squared test.
Synthetic peptides
15-mer peptides encompassing residues from WIBG (locus NM_032345.1) GABARAPL2 (locus NM_007285.5) and ZNF706 (locus NM_016096.1) overlapping on seven amino acids were synthesized using the solid-phase system, and purified (Neosystem, Strasbourg, France).
Epitope mapping
Plates were coated overnight with 10 μg/well peptides diluted in PBS, pH 7.4. Plates were blocked with 5% milk PBS. Sera, diluted to 1:100 in PBS, were incubated for 2 h. After washing with 0.1% Tween 20, peroxydaseconjugated anti-human IgG, (Sigma, France) was added.
OD was read at 405 nm. Background OD was obtained by adding each serum to a well without peptide. Positive sera were defined by an OD value more than twice the background OD. P-values were calculated using the chi squared test.
Results and discussion
Autoantibody pattern associated with RA patients and controls
We selected sera from 20 RA patients with disease duration less than 1 year and compared their reactivity pattern on protein arrays with that of sera from 19 RA patients with disease duration more than 5 years, and with sera from 23 controls. The control group included seven AS patients, two SLE patients, four SSc patients and ten healthy subjects. Autoantibodies were detected by anti-human IgG antibody. The sera of RA patients with disease duration more than 5 years bound, on average, 101 proteins. AS sera bound 112 proteins, SLE sera bound 91 proteins, SSc sera bound 103 proteins and healthy controls' sera bound 89 proteins (data not shown). Sera from patients with early RA bound, on average, 58 proteins. Among these proteins, we identified 25 that were recognized by 30% to 60% of RA patients with disease duration less than 1 year and less than 10% of controls ( Table 2 ). These proteins were recognized by 0% to 37% of RA patients with disease duration more than 5 years.
Autoantibodies specific for RA patients
To confirm the validity of protein array detection, we developed ELISAs using the 25 purified proteins. We tested sera from 124 RA patients with disease duration less than 1 year, 40 RA patients with disease duration more than 5 years, 81 AS patients, 30 PsA patients, 19 SLE patients, 16 SSC patients and 40 healthy subjects. Four proteins were significantly recognized by early RA patients and less than 10% of controls ( Figure 1A,B ). These proteins are WIBG, GABARAPL2, ZNF706 and PAD4 (peptidyl arginine deiminase 4).
Autoantibodies to GABARAPL2, ZNF706 and PAD4 were less sensitive and specific for early RA than autoantibodies to WIBG. Indeed, autoantibodies to PAD4 identified 38% of RA patients with disease duration more than 5 years. Moreover, autoantibodies to GABARAPL2, ZNF706 and PAD4 were also found in SLE and SSC patients. Autoantibodies to WIBG were strongly associated with early RA. Indeed, 33% of RA patients' sera recognized WIBG versus 5% of RA patients with disease duration more than 5 years (P = 0.0004), 0% of AS patients (P < 10 -7 ), 0% of PsA patients (P = 0.0002), 10% of SLE patients (P = 0.05), 6% of SSc patients (P = 0.03) and 0% of healthy individuals (P = 0.00003).
In combination, WIBG, GABARAPL2 and ZNF706 proteins identified 48% of patients with early RA versus 10% of RA patients with disease duration more than 5 years and 6% of controls (Table 3 ). Among patients with early AS, PsA, SLE and SSC with disease duration less than one year, only 2/34 were positive for GABAR-APL2 and WIBG (data not shown). Of interest, the combination of WIBG, GABARAPL2 and ZNF706 proteins identified 43% of early RA patients negative for anti-CCP, 44% of early RA patients negative for RF and 39% of early RA patients negative for anti-CCP and RF.
Epitope mapping on WIBG, GABARAPL2 and ZNF706
To identify B cell epitopes on ZNF706, GABARAPL2 and WIBG, we synthesized overlapping 15-mer peptides encompassing the entire sequence of these proteins. As a first step, we screened these peptides with the sera of 15 RA patients known to contain autoantibodies to ZNF706, GABARAPL2 and WIBG and 20 controls. Among the ten peptides from ZNF706, eight were recognized by at least one of the tested sera ( Figure 2 ). One peptide, P1, was specifically recognized by sera from RA patients. Indeed, 8/15 RA sera recognized P1 versus 0/20 controls (Figure 2A) .
Among the 15 peptides from GABARAPL2, 8 were recognized by at least one of the tested sera ( Figure 2B ). One peptide, P15, was specifically recognized by sera from RA patients. Indeed, 7/15 RA sera recognized P15 versus 0/20 controls.
Among the 26 peptides from WIBG, 18 were recognized by at least one of the tested sera ( Figure 2C ). One peptide, P22, was preferentially recognized by sera from RA patients. Indeed, 7/15 RA sera recognized P22 versus 4/20 controls.
To confirm these reactivities, we tested by ELISA sera from 60 patients with early RA and 106 controls (20 AS, 24 PsA and 22 SLE patients, and 40 healthy subjects) on ZNF706 P1, GABARAPL2 P15 and WIBG P22 (Table 4 ).
Autoantibodies to ZNF706 P1, GABARAPL2 P15 and WIBG P22 were respectively found in 35%, 37% and 30% of patients with early RA, with a specificity ranging from 95% to 100%. In combination, these three peptides identified 45% of patients with early RA versus 8% of controls (P <10 -7 for 60 patients with early RA versus 106 controls). Of interest, the combination of these peptides identified 41% of early RA patients negative for anti-CCP, 35% of early RA patients negative for RF and 42% of early RA patients negative for anti CCP and RF.
Discussion
To get an insight into the early immunological events leading to the development of RA and to develop diagnostic tools for early RA, we screened 8,268 protein arrays with sera from patients with early RA (less than one year) RA with disease duration more than 5 years, and controls. We selected 25 proteins that could constitute specific serologic markers of early RA because they identified 30% to 60% of patients with early RA and less than 10% of controls.
To confirm the validity of protein array detection, we used the same proteins in ELISAs to screen more sera from patients and controls. Among these proteins, only one, PAD4, the enzyme that converts arginine into citrulline, was already known to be a target for RA autoantibodies [4] [5] [6] [7] [8] . Autoantibodies to PAD4 are more frequent in established than in early RA. In a previous study, we have identified peptide targets of anti-PAD4 autoantibodies [8] . Most anti-PAD4 positive sera recognized peptides located both in the N-terminal domain (amino acids 211 to 290) and the C-terminal domain (amino acids 601 to 650) of PAD4. Peptide recognition in the substrate-binding domain of PAD4 influences the enzymatic activity of PAD4. Indeed, most autoantibodies to PAD4 inhibit PAD4-mediated citrullination.
By using protein arrays and ELISA assays, we validated three new autoantibodies significantly associated with early RA. These autoantibodies recognize ZNF706, GABARAPL2, and WIBG. ZNF706 belongs to the C2H2-type zinc-finger protein family (Additional file 1: Table S1 ) [9] . GABARAPL2 is involved in autophagy, the process by which proteins and organelles are sequestered in autophagosomal vesicles and delivered to the lysosome for degradation [10] . WIBG is a ribosome-associated protein involved in the disassembly of exon junction complexes (EJCs). EJCs, assembled during mRNA splicing, transport mRNA during nuclear export into the cytoplasm and are removed during translation [11] . WIBG enhances translation of mRNA. WIBG has also been shown to enhance the translation of viral genes, acting as a so-called chaperone.
WIBG is the protein recognized by the highest number of sera from patients with early RA. The percentage of anti-WIBG-positive RA patients decreases with disease duration. Indeed, WIBG is recognized by 33% of RA patients with disease duration less than 1 year, 12% of RA patients with disease duration between 1 and 5 years and only 5% of RA patients with disease duration more than 5 years (data not shown).
The level of many RA-associated autoantibodies is already known to decrease with time. For example, antinuclear antibodies (ANA) are positive in 20% to 30% of patients with early RA. However, a few months after disease onset, the ANA test may turn and remain negative [12] . This is also true for anti-Sa and RF [13] . Disease-modifying therapies could explain the autoantibody decrease in RA patients. Alternatively, the early recognition of autoantigens in RA could give an insight into the early mechanisms that lead to disease development. In this respect, it is remarkable that proteins associated with DNA or RNA are often initial targets of immune responses. Later on, disease development is accompanied by narrowing of the immune response to specific targets. The best example of this phenomenon is the evolution of Sharp's syndrome into RA, scleroderma or lupus, which is accompanied by loss of anti-ribonucleoprotein (RNP) antibodies and development of disease-specific autoantibodies [14] . Of interest, the combination of autoantibodies to WIBG, GABARAPL2 and ZNF706 may be used to help diagnosis of early RA, especially in patients without anti-cyclic citrillunated protein (CCP) antibodies and RF.
Finally, we analyzed the epitopes recognized by autoantibodies to ZNF706, GABARAPL2, and WIBG in a direct ELISA, using a set of synthetic peptides and sera from patients with early RA. Fine epitope mapping on ZNF706, Figure 2 Epitope mapping on zinc finger protein (706ZNF706), GABA(A) receptor-associated protein-like 2 (GABARAPL2) and within BGCN homolog (WIBG). Sera from patients with early RA, and from patients with ankylosing spondylitis (AS), psoriatic arthritis (PsA), systemic lupus erythematosus (SLE), and healthy controls were tested for binding to ZNF706, GABARAPL2 and WIBG peptides by ELISA. After washing, peroxydase-conjugated anti-human immunoglobulin G was added. Optical density (OD) was read at 405 nm. Background OD was obtained by adding each serum to a well without peptide. Positive sera were defined by an OD value higher than twice the background OD (yellow). GABARAPL2, and WIBG enabled us to identify three linear peptides that may prove interesting diagnostic tools in the early stages of RA. The next step will be to include more patients and controls to identify the best marker combination for diagnosis of early RA.
Conclusions
There is a great need for new biological markers of RA to permit early intervention to potentially prevent inflammation and joint destruction. To identify new autoantibody signatures in RA patients, we have analyzed autoantibodies in the sera of patients with early RA (duration less than one year) on protein arrays containing 8,000 human proteins. We found and validated three new autoantigens significantly associated with early RA. These autoantigens (ZNF706, GABARAPL2 and WIBG) and peptides derived from these autoantigens can be used to identify RA at the early stage of the disease.
